Many discussions of grammatical change have focused on grammatical innovation in the discourse contexts of conversational interaction. We argue here that it is also possible for grammatical innovation to emerge out of the communicative demands of written discourse. In particular, the distinctive communicative characteristics of academic writing (informational prose) have led to the development of a discourse style that relies heavily on nominal structures, with extensive phrasal modification and a relative absence of verbs. By tracking the historical development of this discourse style, we can also observe the development of particular grammatical functions that are emerging in writing. We focus here on two grammatical features -nouns as nominal premodifiers and prepositional phrases as nominal postmodifiers -analyzing their historical development over the last four centuries in a corpus of academic research writing (compared to other registers such as fiction, newspaper reportage and conversation). Our analysis shows that these grammatical features were quite restricted in function and variability in earlier historical periods of English. However, in the nineteenth and twentieth centuries, they became much more frequent and productive, accompanied by major extensions in their functions, variants, and range of lexical associations. These extensions were restricted primarily to informational written discourse, illustrating ways in which new grammatical functions emerge in writing rather than speech.
Introduction
Over the past two decades, there has been considerable interest in how grammatical change is realized in actual language use, carried out in relation to the study of 'grammaticalization', 'usage-based approaches', 'emergent grammar' and the general study of 'frequency effects' in language use. These approaches share a focus on discourse, describing how new grammatical constructions and/or functions emerge from natural communicative situations.
A few of these studies have been careful to acknowledge the possibility of historical change in writing as well as speech. For example, Traugott (2003: 125) defines 'subjectification' as the tendency of meanings 'to become increasingly based in the SP[eaker]/W[riter]'s subjective belief state or attitude to what is being said and how it is being said'.
More often, though, discourse-based studies of grammatical change focus at least implicitly on spoken interaction, using the term 'speaker' as a cover term for the addressor or producer of discourse, and often framing the discussion in terms of 'utterances' and conversational 'interaction'. Written discourse has generally received
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little attention, with most studies simply disregarding the possibility that grammatical innovations could develop in natural written communication.
For example, an exclusive focus on spoken interaction is front-and-center in the edited book on Interaction and Grammar by Ochs, Schegloff & Thompson (1996) , which approaches grammar as part of the social practices associated with conversational interaction. These studies thus analyze transcripts of conversations, showing how grammar emerges with special functions in interactional contexts. However, a similar implicit emphasis on spoken interaction can be observed in so-called 'usage-based' models (see e.g. Langacker 1987; Kemmer & Barlow 2000) . While these descriptions tend to be based on intuitive notions of spoken interaction, rather than direct analysis of conversational transcripts, they still implicitly frame the discussion relative to speech; for example, the 'usage events' that form the foundation of the usage-based model are 'utterances' produced by 'speakers' (Langacker 2000: 9) .
Similarly, in describing the motivations and enabling factors of grammaticalization, Hopper & Traugott (2003: 71) note that previous research has focused on 'the role of speakers and hearers negotiating meaning in communicative situations'. Bybee & Hopper (2001) are also typical in their focus on spoken interaction, noting that:
The notion of emergence . . . relativizes structure to speakers' actual experience with language, and sees structure as an on-going response to the pressure of discourse . . . The distribution and frequency of the units of language are governed by the content of people's interactions . . . Patterns of use . . . deal with patterns of occurrence of morphosyntactic structures in natural conversation. (3) Croft (2000) is especially emphatic in arguing that language change occurs in utterances produced by speakers in conversational interaction; for example: language use is essentially a joint act between speaker and addressee . . . Language is a fundamentally social interactional phenomenon. So is language change. (87) Given this background, it is probably not surprising that many studies of grammaticalization have focused on grammatical features that are common in conversation but rarely used in writing, such as the English semi-modals (e.g. have to, got to; see Krug 2000; Tagliamonte 2004) or discourse markers (e.g. well).
As noted above, most scholars simply disregard the possibility that grammar might also emerge in written use. One of the few exceptions to this trend is Croft (2000) , who directly considers the possibility but then strongly argues against it:
One might speculate that the advent of the written medium led to directed evolution in the development of these construction types [e.g. nominalizations, participles, attributive adjectives] . . . Typological research indicates, however, that all of these construction types are present in most if not all unwritten languages. (83) It is thus possible that there is directed change in the advent of the written register. However, expansion into the new linguistic niche results in the evolution at most of new degrees of syntactic complexity -multiple iterations and embeddings of structuresrather than in developing completely new grammatical structures. (83-4)
Croft is specifically focusing on grammatical innovation from a typological perspective: can a new type of grammatical construction emerge in a written language in comparison to the types of constructions that already exist in the world's spoken languages? Our research is not directly relevant to this question: we have not uncovered any evidence concerning the development of newly emerging construction types.
However, we believe that we have uncovered evidence that grammatical innovations in written discourse can go well beyond increased 'iterations and embeddings'. In particular, focusing on noun phrase constructions in English, we document extensions in the range of grammatical variants, the range of lexical associations, and the range of grammatical/semantic functions. These functional extensions have emerged out of the communicative demands of written discourse rather than spoken interaction.
In more general terms, we argue that the communicative demands of any registerwhether spoken or written -have the potential to facilitate the emergence of grammatical uses (and possibly new constructions) associated with those communicative needs. Fox (2007: 299) is one of the few researchers who has explicitly raised this possibility in the past: 'The relationship of written language to language-ininteraction is complex and worthy of independent study.' In particular, Fox notes that written discourse is produced under completely different circumstances from spoken discourse, and that these characteristics might have direct grammatical consequences:
Writers and readers typically have no time constraints placed on their production and comprehension, a fact which presumably allows more complex syntactic structures to arise . . . On the other hand, speakers and recipients in real-time conversation have immense time pressures on them [creating] a tendency in conversation towards shorter and syntactically simpler utterances. (314) It is clear . . . that writing alone, at leisure . . . is a different grammatical enterprise than is designing an utterance, in real time . . . the grammar of written language thus needs to be taken up as a separate investigation. (315) The present study addresses this possibility by investigating grammatical change that has been restricted primarily to written discourse. In particular, we focus here on academic research writing, as a register that differs in almost every way from face-to-face conversation:
• written rather than spoken • monologic rather than interactive and co-constructed • requires specialized, professional background knowledge, but no assumption of personal background knowledge • slowly produced and carefully revised and edited.
If grammatical change is influenced by the pressures of the communicative situation, there is every reason to expect that the grammatical uses emerging in written academic writing will be strikingly different from those that have emerged from conversational interactions.
As background to our research, we first document the dramatic changes in grammatical discourse style that have occurred over the past two centuries in academic research writing (section 3). In particular, academic writing (and other kinds of informational writing) has developed a grammatical style that relies heavily on phrasal modification. Two characteristics of this style are especially noteworthy: a reliance on nouns (and the relative absence of verbs), and a reliance on phrasal modification (and the relative absence of clausal modification). Thus, in comparison to spoken registers, there are relatively few verbs and clauses in modern academic writing. Instead, this style relies on non-clausal phrases as modifiers. Further, those non-clausal phrases are most commonly embedded in noun phrases rather than functioning as clause elements. Thus, in contrast to conversation as well as popular written registers (like fiction), academic writing is characterized by an extremely dense use of non-clausal phrases and extremely complex noun phrase structures, while there is comparatively little structural elaboration that involves embedded dependent clauses as clause constituents. Section 3 traces the evolution of these characteristics of modern academic research writing, showing how they are relatively recent historical developments that have occurred over the past 150 years.
In section 4, then, we explore some of the new grammatical uses that have emerged in association with this shift in discourse style. Two case studies are briefly presented, each focusing on a particular grammatical device used for noun phrase modification: nouns as nominal premodifiers and prepositional phrases as nominal postmodifiers. These construction types were attested in earlier historical periods of English, but they were relatively restricted in function and variability. Then, in the nineteenth and twentieth centuries, these structures became much more frequent and productive, accompanied by major extensions in their functions, variants and range of lexical associations. As the following sections show, those extensions were restricted primarily to informational written discourse, providing clear examples of new grammatical variants and functions emerging in writing rather than speech.
Methods
The patterns of use presented in sections 3 and 4 below are based on analysis of several synchronic and historical corpora, representing written academic prose (primarily science/medical research articles), other written registers (newspaper reportage and novels) and spoken language (historical dialogues, present-day face-toface conversation). Table 1 describes the corpora in general terms, and full references to the corpora appear at the end of the article.
The corpora were grammatically annotated ('tagged') using software developed for the Longman Grammar of Spoken and Written English (Biber et al. 1999) . Then, more specialized computer programs were developed for detailed linguistic analyses of specific types of noun modification. Automatic rates of occurrence could be calculated for the overall frequency of nouns, relative clauses, attributive adjectives, and nouns as nominal premodifiers based on the 'tagged' texts. However, prepositional phrases and 1988 study shows that written informational registers rely heavily on nouns, attributive adjectives, and prepositional phrases, while spoken registers employ extensive clausal embedding (with finite adverbial clauses and complement clauses) together with a dense use of pronouns, stance features, and reduced structures. Biber & Finegan (1997) use this same MD analysis to document the patterns of historical register change over the past three centuries, showing how academic writing has steadily evolved towards an increasing use of these nominal structures.
The grammatical underpinnings of the development of the nominal style are studied in more detail in Biber & Clark (2002) , based on historical analysis of three registers from the ARCHER Corpus (drama, fiction, academic medical prose). One simple manifestation of the change to a nominal style has been the overall prevalence of nouns in written registers. As figure 1 shows, nouns have increased in use in academic research writing and in newspaper prose over the past three centuries, while their use has remained relatively constant in drama and fiction. Surprisingly, despite this large increase in the use of nouns, there has not been an increase in the clausal elaboration of noun phrases. Thus figure 2 shows that relative clauses have remained relatively infrequent across time, and have actually declined slightly in the three written registers.
In contrast, there has been a dramatic increase in the phrasal elaboration of noun phrases, and that historical change has been restricted primarily to informational writing. As a result, modern academic writing is better described as 'compressed' rather than 'elaborated', characterized generally by the absence of verbs and clauses, and the high density of phrasal modifiers (see e.g. Biber & Clark 2002; Mair 2006; Biber 2009; Biber & Conrad 2009; Leech et al. 2009; Biber & Gray 2010) . Nominalization has been the most studied of these five. Thus, researchers like Halliday (1979) , Halliday & Martin (1993 /1996 and Banks (2008) describe the increasing use of nominalizations as the most distinctive characteristic of modern science prose. These studies focus generally on the transformation of dynamic processes expressed as verbs to nouns with static meanings, whether through the use of derivational suffixes (e.g.-tion, -ent, -ance) or through the conversion of verbs to nouns (as in strong increase or flow line). As figure 3 shows, the increased use of nominalizations is an important characteristic of informational written discourse. Thus, nominalizations have increased strongly in both academic prose and newspaper writing, while they have actually decreased in use in novels and drama. Attributive adjectives follow a similar historical pattern, although the changes have been less noteworthy. Thus, figure 4 shows that the use of attributive adjectives has steadily increased in academic prose over the past three centuries, while their use has remained relatively constant in newspaper prose and decreased slightly in drama and fiction. Historical change in the use of nouns as nominal premodifiers (shown in figure 5 ) is more dramatic: the use of these modifiers is generally rare up until the twentieth century. However, at that point there was a large increase in both academic prose and newspaper writing, and a smaller increase in fiction writing. In contrast, the use of this device in drama remains rare up to the present day. As figure 6 shows, this increase has been especially pronounced in science research articles (compared to academic writing generally). The historical shift begins at the turn of the twentieth century, and then rapidly takes off over the period 1925-65. Nouns as nominal premodifiers continue to increase in use up to the present time, although there is some indication that this development is leveling off in recent decades.
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Prepositional phrases are the most common type of postnominal phrasal modifier. Figure 7 plots the historical change in the use of prepositional phrase (PP) noun modifiers. A comparison of figures 7 and 2 shows that PP noun modifiers are about fifteen times more frequent than relative clauses in present-day academic prose. Further, PP noun modifiers have shown a large increase in use over the past two centuries, while the use of relative clauses has remained constant. However, this increase has been restricted primarily to informational writing, while fiction writing actually shows a decrease in the use of PP noun modifiers. Figure 8 displays the historical change in the use of prepositional phrases as postnominal modifiers, distinguishing between of-genitives and all other prepositional phrases as postnominal modifiers. Of-genitives were already frequent in academic writing by the eighteenth century, but their use remained constant over the following centuries. In contrast, other prepositional phrases were not common in the eighteenth century, and that pattern of use continued into the nineteenth century. Similar to the pattern for nouns as premodifiers, the twentieth century witnessed a dramatic increase in the use of PPs as postmodifiers, restricted mostly to informational written discourse. As a result, sentences like (1) are common in present-day academic prose:
(1) Specifically, we were interested in the qualitative ecological difference in emphasis between changes in composition vs. changes in relative abundance. Finally, figure 9 shows that the use of appositive noun phrases (also referred to as 'nominal apposition'; Meyer 1992: 10) has changed in a similar way. Although these structures date back to Middle English (see , they were still relatively rare in the eighteenth and nineteenth centuries. However, appositive noun phrases have become considerably more common in the twentieth century. 1 Similar to the other types of phrasal noun modifiers, this development has been restricted primarily to informational written registers.
Further, a structural/textual innovation was introduced in the nineteenth century: the use of parentheses to mark the appositive noun phrase, rather than separating the two noun phrases by commas, as in (2) and (3): (2) In about two months after it had acquired this additional head, a fragment separated from the tail (the most usual place of separation) and was in progress towards its entire reproduction when it was accidently lost . . . (3) the former is composed of sporules, empty tubes (the mycelium), and tubes filled with sporules
As figure 9 shows, this textual device is restricted almost entirely to academic research writing. (The use of appositive noun phrases has also increased in newspaper writing, but that register continues to rely almost entirely on the traditional NP, NP convention.) By using the parentheses convention, it has become common in academic research writing to embed multiple levels of appositive noun phrases, representing complex meaning relationships to the head noun, as illustrated by (4) One possible explanation for these historical developments is the unique production circumstances of writing, which permit extensive planning and revision, in contrast to the real-time production circumstances of speech. That is, writers can take as much time as they want to plan exactly what they want to write, and if they write something unintended, they can delete/add/revise/edit the language of the text. Thus, the final written text that an external reader sees might bear little resemblance to the initial words that the author produced, and readers usually have no overt indication of the extent to which the author has revised the original draft. Nearly all written registers offer the opportunity for extensive planning and revising during production, even if the author does not avail him/herself of this opportunity.
Other communicative factors are also influential here, such as the 'information explosion', the associated need for economy of expression as there is more information to be communicated, and the increasing specialization of the audience. However, it is the production circumstances that seem to be an essential component. For example, Biber (2006) shows that present-day university classroom teaching lacks these characteristics, despite the fact that it conveys informational content to specialist audiences. The primary situational difference between classroom teaching and written academic prose is that classroom teaching is produced in real-time, while the other registers have been
extensively revised and edited. As a result, classroom teaching employs a clausal style of discourse, while academic writing employs extensive phrasal modifiers.
These contrasting grammatical styles do not represent an absolute or necessary difference between speech and writing. Rather, authors can exploit the written mode to produce texts that are very similar to the typical linguistic styles of speech (as in fiction). However, the converse is not true: that is, speakers are not normally able to revise and edit their speech because they are constrained by real-time production circumstances. As a result, some written registers have evolved to exploit styles of linguistic expression -with extreme lexical diversity and a dense use of complex noun phrase structures -that are not normally feasible in the spoken mode.
The historical developments documented above represent a fundamental shift in the discourse style of academic writing, with grammatical patterns of use that are not attested in any register in earlier historical periods. However, this historical change entails more than just a stylistic shift in the density of nominal/phrasal features. Rather, the individual grammatical features have also undergone important extensions in their uses and functions, accompanying these dramatic increases in frequency. In the sections below, we consider two of these grammatical features in more detail: nouns as nominal premodifiers and prepositional phrases as nominal postmodifiers. In both cases, major new grammatical functions have emerged in informational written discourse over the past two centuries. It is difficult to document the initial emergence of these grammatical structures, which occurred several centuries ago. However, for each of these features, it is possible to document new or extended grammatical functions that have developed in writing over the past two centuries.
The development of new grammatical functions in writing

Nouns as nominal premodifiers
The changing patterns of use for nouns as nominal premodifiers, shown in figures 5 and 6 above, reflect more than just an increase in frequency. Rather, there has also been a steady expansion of meaning and function with these structures. Four factors are considered here: (1) the meaning of the premodifying noun itself; (2) the use of nominalizations in noun-noun sequences; (3) the use of multiple premodifying nouns; (4) the logical meaning relationships between the nouns. 2 2 Noun-noun sequences can additionally be analyzed for a number of syntactic distinctions. For example, Huddleston & Pullum et al. (2002: 448ff) distinguish between NN sequences functioning as 'composite nominals' (e.g. lemon sorbet, microfilm reader) versus sequences that represent compounds (e.g. ice-cream). This distinction is related to the status of the premodifying noun as an 'adjunct' (or 'modifier') versus 'complement' (e.g. London newspapers versus television screen; see Huddleston & Pullum et al. 2002 : 449, Rosenbach 2007 . Rosenbach (2007) further distinguishes between 'classifier' versus 'determiner' functions for premodifying nouns that are complements. While it is possible to cite clear-cut examples for these distinctions, many natural occurrences of NN sequences are intermediate and difficult to classify. Thus, consideration of such syntactic factors is beyond the scope of the present study.
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To investigate these factors in more detail, we undertook a qualitative analysis of noun-noun sequences in medical prose and newspaper articles from the ARCHER Corpus. In the seventeenth and eighteenth centuries, nearly all premodifying nouns can be grouped into three general sematic categories: title nouns, place/location nouns and concrete/tangible nouns: By the late 1800s, when the overall frequency of noun-noun sequences began to increase, there was also a marked expansion in the range of meanings expressed by premodifying nouns. Thus, in addition to the categories described above, we find premodifying nouns commonly used to refer to institutions, states or conditions, and other intangibles:
INSTITUTIONS:
family history, school proposal, state convention, union member
STATES OR CONDITIONS (OFTEN DISEASES IN MEDICAL PROSE):
cancer cells, croup cases, diphtheria results, health department, maternity hospitals, smallpox eruption
OTHER INTANGIBLES:
class examinations, currency troubles, credit foncier, heat apoplexy, weather bureau, temperature chart, quarantine restrictions In addition, nominalizations began to be used in noun-noun sequences in the mid
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The dramatic change in use for these structures occurred in the second half of the twentieth century, when NNN sequences become relatively common, and even NNNN sequences are not unusual. Finally, there has been historical extension in the meaning relationships that hold between a premodifying noun and the head noun. The title nouns and place nouns found as premodifiers in the seventeenth and eighteenth centuries are straightforward in this regard. For example, Captain Smith is a person named Smith who is a captain; Greenwich Park is a park located in Greenwich; frontier garrisons are garrisons located at the frontier.
The other classes of premodifying nouns, though, do not consistently express a single meaning relationship to the head noun. This is true even for the concrete/tangible nouns found as premodifiers in the eighteenth century. For example: The grammatical use of nominalizations as head nouns in these complex noun phrases (introduced in the nineteenth century; see above) results in additional meaning relationships. In many cases, the premodifying noun is the semantic patient or theme of the process described by the nominalized head noun. Many of these head nouns are derived from intransitive verbs; in those cases, the premodifying noun corresponds to the logical subject (e.g. compare the noun phrase wage increases to the clause wages increased). Other head nouns are derived from transitive verbs; in those cases, the premodifying noun corresponds to the logical direct object (e.g. compare the noun
phrase waste disposal to the clause someone disposed of the waste). In other cases, the premodifying noun identifies the purpose or topical domain of the process described by the nominalized head noun (e.g. peace conference). For example:
wage increases, eye movement, N1 is a patient or theme affected by the child development, process described by N2; syntactically, justice department intervention N1 is the logical subject of N2 weight loss, waste disposal, N1 is a patient or theme affected by the income tax, taxi driver, process described by N2; syntactically, trade legislation N1 is the logical direct object of N2 trade agreement, N1 identifies the purpose or topical domain reprisal raids, of the process described by N2 freedom movement, peace conference
In some cases, both nouns are nominalized processes. For example, a regression analysis refers to 'someone analyzing the way in which variable X regresses with variable Y'.
In addition, there are many more specific meanings for particular NN sequences. In sum, there is much more involved in this historical development than simply a large increase in frequency for nouns as premodifiers. In particular, the present section has shown that there has been a major expansion in the types of nouns that can occur as nominal premodifiers, as well as a major expansion in the range of meaning relationships underlying noun-noun sequences. In addition, the use of a single noun as premodifier has been extended in the last century to permit two and three premodifying nouns, and this extension seems to be continuing up to the present time. The following section documents similar extensions in grammatical and semantic functions for the use of prepositional phrases as nominal modifiers. 
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Prepositional phrases as nominal postmodifiers
Figure 8 above shows that of-genitives were already common in the seventeenth century, and that they have continued to be frequent in informational writing up to the present time. 4 In contrast, other prepositonal phrases (PPs) as noun modifiers have shown a strong increase in use over the last century. Figure 10 provides more details, showing the historical development of each individual preposition as postnominal modifier. The preposition in takes the lead here, being in use already in the eighteenth century and then showing a strong increase in use during the nineteenth and twentieth centuries. In contrast, PPs with for, on and with were quite rare in the eighteenth century and showed only a small increase in the nineteenth century, followed by a strong increase in the twentieth century. As figure 11 shows, this historical change has not occurred in conversation, where the use of these prepositons as noun modifiers is still extremely rare.
Similar to the historical changes described above for noun-noun sequences, the increased use of PP noun modifiers has been accompanied by a large expansion in function and meaning. One grammatical development is the increasing ability of these prepositions to occur as a nominal postmodifier with an ing-clause as complement, as in: (5) Early occurrences of this structural pattern are attested from Middle English and Early Modern English; examples (6)-(9) are from seventeenth-century medical prose (see Biber et al. 2011): (6) the vertues and worth of this Medicine in helping and curing many diseases (7) pains in making water (8) the difficulty in searching out the causes of them (9) the truth of the marchaunt in transporting the same However, as shown in figure 12 , the structure was still rare by the beginning of the nineteenth century, but it has increased in use over the course of the twentieth century. Prepositional phrases with in and for take the lead here, while phrases with on + ing-clause are expanding in use more slowly.
It is possible to track the historical progression of this structure to an increasing number of different controlling nouns. In many cases, these structures have an earlier historical counterpart with a prepositional verb + ing-clause. Witness in this respect the following examples from the OED, showing the first attestation of a verb or noun with the preposition in followed by an ing-clause: In addition to extensions in grammatical function, it is also possible to track historical extensions in the range of meaning relations that can be signaled by these PP noun modifiers. For example, in present-day academic prose, the prepositions in and on can express both concrete locative meanings (blood flow in skin and in skeletal muscle; many places on the slopes below) and abstract meanings (evolution in Roosevelt's imperialist thought; the influence of evolutionary ideas on his public policies). However, the use of these prepositions to express abstract meanings is a relatively recent development restricted primarily to writing. Thus, in conversation, over 90 percent of these PPs as noun modifiers express concrete/locative meanings, as in (15a-f): This is similar to the typical uses of these prepositions in the sixteenth-seventeenth centuries, where they normally expressed concrete/locative meanings even in academic written prose (see Biber et al. 2011) . For example: As figures 13 and 14 show, these concrete meanings were typical for in/on nounmodifying PPs in the sixteenth and seventeenth centuries. Abstract meanings with on were especially rare, restricted to an identification of 'topic', as in (16) Over the three intervening centuries, these prepositions have developed a range of abstract uses, so that in present-day written academic prose, around 60 percent of all occurrences express abstract rather than concrete meanings. Most interestingly for our purposes here, each of these prepositions has developed a specialized abstract meaning that marks the modifying noun as the semantic 'patient' of the process described by the head noun, as (24) and (25) For PPs with in, these head nouns usually correspond to an intransitive verb, as in (26) For PPs with on, these head nouns correspond to transitive verbs, as in (29)- (31) and (32)- (34): Transitive V + Object NP ('patient') > Head noun (identifying a process) + on + NP ('patient') (29) a significant influence on the tragic developments that followed (cf. something influenced the tragic developments) (30) two factors have the greatest impact on college grades (cf. two factors impact college grades) (31) a greater emphasis on intellectual behaviours (cf. someone emphasises intellectual behaviours)
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Transitive Prepositional V + on + Object NP ('patient') > Head noun (identifying a process) + on + NP ('patient') (32) a biological dependence on physical conditions (cf. it depends on physical conditions) (33) his reliance on the evolutionary thesis (cf. he relied on the evolutionary thesis) (34) a focus on measures of student outcomes (cf. someone focused on measures of student outcomes)
In present-day informational writing, there are numerous head nouns that can take these patterns. Seven head nouns are especially frequent with in plus an NP ('patient'): change, decrease, difference, fall, increase, rise and variation. (Other head nouns that occur with this pattern include : advances, breakdown, decline, development, evolution, growth, improvement, reduction and shift.) Similarly, there are numerous head nouns that take on plus an NP ('patient'): effect and emphasis are especially frequent with this pattern, but other nouns include attack, constraint, debate, decision, discussion, impact, influence, limit, limitation, restriction. There are fewer prepositional verbs that have been nominalized to occur as head nouns in this pattern, such as bearing on, dependence on, focus on, insistence on and reliance on.
These grammatical uses have been introduced gradually over the past four centuries in informational written texts. The pattern with the preposition in historically precedes the pattern with on, corresponding to the overall development of in and on PPs as nominal modifiers, shown in figure 10 above. In PPs with this meaning seem to have first occurred in the sixteenth century with the head nouns difference and change, and this pattern then gradually spread to other process nouns over the following four centuries. Thus, (35)-(43) are the first attested examples for selected process nouns + in + NP ('patient') from the OED: As (48) to (50) show, other process nouns that take on + NP ('patient') lagged behind these other structures by about a century: The development of in/on as noun-modifying PPs could be described in much more detail, and complemented by descriptions of the other prepositions occurring in similar patterns. The descriptions here, however, have documented linguistic innovation and change at multiple levels: in the overall extent to which a structure is used; in the particular structural variants that occur; and in the meaning relationships expressed by the structure. The available evidence indicates that these innovations were all initiated in writing and have subsequently developed in informational written discourse, with little transfer to spoken conversational discourse at all.
Summary and conclusion
We initially surveyed the historical patterns of use for five phrasal devices used for noun phrase compression or modification (nominalizations, attributive adjectives, appositive noun phrases, nouns as nominal premodifiers and prepositional phrases as nominal postmodifiers), and then considered the last two of these in more detail. It is not possible to prove that these constructions were first used in writing rather than in speech. What is clear, though, is that these have become 'written' grammatical characteristics over the past two centuries, while they have remained rare in spoken conversational discourse.
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This historical development is not merely a change in discourse style realized as an increase in the frequency of use for these features. Rather, the grammatical features themselves have undergone major extensions in their lexical associations, grammatical variants and functions, and meanings. These extensions have all emerged in informational writing, associated with the communicative demands and production circumstances of that register.
Interestingly, these developments conform to the general claim that language changes all occur 'in the same direction, essentially towards reduction and tighter integration of form' (Croft 2000: 62) . Hopper & Traugott (2003: 71-3) similarly describe the drive towards economy of expression in historical change. The focus in those studies is on reductions that lead to simplification of the speech signal (e.g. be going to → be gonna, you know → yaknow, you all → yall). However, similar forces seem to be in play with the shift from clausal styles of expression to phrasal styles, with information compressed into noun phrases.
In summary, these findings strongly support the general claim that grammar emerges in natural communicative situations, but they argue against the position that those situations are restricted to spoken interaction. Rather, it seems likely that new grammatical uses and functions can emerge in any register -spoken or writtenassociated with the distinctive situational and communicative characteristics of that register. 
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